The substrate must be processed to yield continuous porosity and high surface area microstructure, without com promising the strength of the bi-layer. However, a small and narrow pore-size distribution is also necessary in order to deposit homogeneous electrolyte layer, at least near the sur face where the electrolyte will be deposited. It is assumed that the pore size should be smaller than the thickness of the electrolyte layer. However, reducing the pore size may in crease the tortuosity of gas transport passage, which gives rise to increase a concentration polarization.6) Additionally, lowering the co-firing temperature and/or decreasing the sinterability of the substrate for obtaining sufficient porosity The green body prepared by freeze-drying showed sig nificantly different microstructure along the growth direc tion of ice. The large flat shaped macropores were observed at the surface of the top side (Fig. 2 (a) ). On the other hand, it was found that the surface of the bottom side consisted of the homoeeneously distributed micro pores (( Fig. 2(b) Figure 5 shows SEM micrographs of the co-fired CGO film after triple dipping cycles (Figs. 5(a) and (b) ), and nine dipping cycles (Figs. 5 (c) and (d) ).Obviously, several cracks and pores are observed in the film which was dipped three times. These cracks and pores almost disappeared af ter nine repetitions of the dipping and drying cycles, be cause the influence of constrained sintering lessened with increasing the thickness of the films. However, in the long run, it is necessary to adjust the total shrinkage and the rate of shrinkage of both substrate and thin-films. This is possi ble by adjusting the pre-firing temperature of the substrate and by tailoring the particle size distribution for both com ponents. Figure 6 , which is the lower magnification photographs of the Fig. 5 (c) , demonstrates the variations of pore size dis tribution along the growth direction of ice. The incorpora tion of straight and parallel pores may reduce the effective path length necessary for gas phase diffusion. A thick porous substrate requires gas phase to travel a long tortuous path to reach a triple phase boundary, whereas the parallel pore configuration reduces this path length. On the other hand, the micro porous layer existed in the vicinity of th e thin-film electrolyte provides sufficient amount of triple phase boundaries. Therefore, the structure shown in Fig. 6 can be regarded as an ideal structure for the application to the solid oxide fuel cell or membrane reactor. Fig. 7 . As is illustrated in Fig. 7 , the container consists of two parts; one is a metal cylinder, and the other is a Teflon bottom and pole. Since ice unidirec tionally grows inward from the metal side, one can get the unique microstructure with macropores, which is highly aligned inward.
As is similar to the disc-type body, which is described in Fig. 4 , the tube-type porous body also have micro porous layer near at the circumference of the tube. 
